ABSTRACT
Introduction
The application of bioassays received increased attention for determination of environmental pollution. They are sensitive microorganisms, higher plants and animals that are exposed to contaminated air, water and soil. Bioassays are quantitative measure of whole toxic potential of a sample and show possible synergistic or antagonistic effects of contaminants and media, in which they occur. Microorganisms and cell cultures are preferred test objects for toxicity studies because of their short time, low cost, environmental friendliness and the amount of organisms investigated. Pseudomonas putida ISO 10712:1995 tests are widely used for toxicity assessment of water and chemicals.
Some investigations of ZnO nanoparticeles have shown their toxicity to bacterial cells (4, 11, 9, 10) . There are different staining procedures and diversity of dyes used to distinguish active and inactive bacterial cells. Different phluorofores as acridin orange, TTC (2, 3, 5-tripfenil 1-2 tetrazolium chloride), methylene blue and LIVE/DEAD BacLight Bacterial Viability Kit, were used for microbial quantity determination (6) . Most of the articles consider yeast-staining, differentiation of bacteria into the eukaryotic cells, but in the case of bacterial differentiation the situation is more complex and it's not fully understood (5, 6, 7) . In our research, prokaryotic test with Pseudomonas putida ISO 10712:1995 was used to determine toxicity of zinc oxide thin films constructed under magnetron sputtering. BacLight Bacterial Viability Kit was widely used to improve and optimize the staining and counting of live cells of different microorganisms. We examine the sensibility of different types of bacteria to nano-structured ZnO and ZnO:H nanofims, so it is crucial for our work to receive adequate results in determining bacterial viability. We tried to optimize staining of suspensions, containing Pseudomonas putida, using the results, described in examination mechanism of BacLight by S.M. Stocks (7). which is membrane impermeable, so it is excluded by healthy cells. SYTO 9 is a green intercalating membrane permeable stain, so it stains virtually all cells (7) .
Materials and Methods

Optimization of staining
It was tried to optimize staining process according to the data, revealed by S.M Stocks. He claimed, the molar concentration ratio PI: DNA (expressed as base pair molar concentration) must be higher than 0.4:1 for receiving adequate results in staining. Otherwise, it is possible to obtain simultaneous staining, leading to confusing results.
For staining bacteria, equal volumes of two components must be combined. In the work dye mixture (component A + component B) the final concentration of PI is 9.985 mM. According to Molecular Probes 3.0 µl from the mixture must be added for each ml of bacterial suspension. The comprehensive calculations are presented in the results.
Test microorganism and preparation of bacterial culture
Agar slants of Pseudomonas putida strain ATCC 12633 = NBPMCC1090 were maintained in refrigerator and then subcultured. Cell colony from agar plate was swabbed and resuspended in a rich and poor liquid medium (ISO 10712) and cultivated over night in a dark at 25°C. At the morning, it was sub cultured at poor liquid medium and cultivated to desire exponential growth. The start optical density (0 h) determined at 610 nm was diluted to 0,001 in the experiment with test medium. The growth curve was determined by measuring the time evolution the optical density of the sample contained in 10 mm optical path length quartz cuvettes. The measurements was followed at every three hours at 610 nm with a spectrophotometer (Carl Zeiss, Jena) and blank test ISO medium used as a control. The cells were cultivated in aerated light and dark conditions at 200 RPM and 25°C and ratio of ZnO nanofilms surface to nutrient medium (1:10). The light conditions were performed by a tungsten lamp (100 W) at distance of 1 meter. The samples of bacterial cultures with ZnO, ZnO:H(D41, D45) thin films and control experiment in two replicates were collected every 3 h. Thin films ZnO and ZnO:H were prepared by a method, described in (3, 5) . According to their optical density, possible cell number was considered, and immediately tenfold dilutions were prepared, inoculated and cultivated on rich solid medium (ISO 10712).
Preparation of samples for epifluorescent microscopy
Bacterial aliquots of 1 ml from every sample were centrifuged at 13000 rpm and resuspended in 1 ml 0.85% saline solution three times and after the 3 th time were dissolved in 100 μl sodium chloride. 20 μl of it was mixed with 0.6 μl LIVE/DEAD BacLight Bacterial Viability Kit (Promega   TM   ) . 10 μl of every sample were placed in sterile slide and covered to evenly distribution of cells. The slides were observed and analysed by epifluorescence microscope Leica DM 5500B.
The image analysis counts are based on two steps procedure: the recorded micrograph of each microscopic field was first numerated and stored in the data base folder. At the second step the digitalized images were submitted to appropriate software -Image J. The background is subtracted manually by two independent operators. The percentage amount of live active cells was determined in the image analysis by counting of green colored cells (live) and the red ones (considered as dead or inactive). The quantity of partially damaged cells has been determined as yellow and orange-green cells on microscope and by most probable number method in rich solid medium after 48 h of cultivation.
Determination of the cell count according to most probable number analysis on solid medium ISO 10712:1995 Ten-fold dilutions were made and subsequent inoculation on solid growth medium was done. 100 µl inoculums from proper dilutions of examined suspensions were used and plates were incubated at dark, 25°C till 48 th hours. Viable cell count was determined after 24 and 48 h of cultivation.
Criteria for counting/differentiation of bacteria Green, yellow and red cells were counted according to fixed criteria to reduce subjective errors. The counting criteria for the cells were: 1. red cell was counted as red cell; 2. a deep/dark orange cell was counted as red cell; 3. yellow cells were counted as yellow; a green cell with no color spot inside the cell was counted as green cell; 4. a green with a red spot inside is counted as a yellow cell; 5. green with a yellow spot is counted as a green cell (6).
Results and Discussion
For calculating molar concentration of DNA were used data for genome of Pseudomonas putida from Comprehensive Microbial Resource (2). Genomes of three different strains of Pseudomonas putida have been sequenced up to now, so for calculations were used the data for strain KT2440's genome. For preparing the slides for epifluorescent microscopy, equal volumes of component A and component B of LIVE/DEAD BacLight Bacterial Viability Kit L-7007 were combined and 0.6 µl of the work dye mixture were added to 20 µl of bacterial suspension. It was calculated that the final molar concentration of propidium iodide in the system is 147.519 µM and the final molar concentration of DNA expressed as base pair molar concentration is 10 µM. It is obvious that propidium iodide is in high excess, so the requirement for higher molar concentration ratio than 0.4:1 is kept according to Stocks (7) in excess during the whole process.
Determination of the cell count according to micrographic analysis
The used volume in preparing slides is 10µl and it was equally dispersed over the surface, which is 19.5 cm 2 . It was calculated that the area of one microscopic field (40 x) is 7.704 x 10 -4 cm 2 and the volume of bacterial suspension that corresponds to it is 3.95 x 10 -4 µl. The approximate count of bacterial cells was determined in 1 ml in relation to these data.
Effect on bacterial division
In all experiment the optical density of the treated with nanostructured ZnO suspension grow close or higher than those in the control during the experiment and the cells division of Pseudomanas putida is not inhibited, as it was expected. Yamamoto proved that the toxic effect of ZnO nanoparticles depend on their size (0.1-0.8 μm) and concentration 0.4-100 mg/ml. High temperature treatment of ZnO particles leads to lower antibacterial activity (8) . The crystalline structure and particle shape of the powder have little effect. The higher concentration and the larger surface area have better antibacterial activity (4, 11) . In our experiment we used nanofilms with thickness of 0.6-0.8 μm and size dimensions 10 x 26mm. They have stimulating effect on bacterial growth at 9 th h in the case of ZnO nanofilm. This phenomenon was proved by the classical cultivation methods at dark conditions. As the experiment was performed in poor mineral medium (test medium ISO10712:1995) is possible the dilution of Zn ions during the experiment to satisfy some needs of bacteria.
Pseudomonas putida exhibited high minimal inhibitory concentration value for metal (about 5 mmol Zn/l). Based on the results of heavy metal toxicity screening, inhibitory concentrations in solid media were lower than those in liquid media (1) . In solid media only the viable cells appeared after 18-24 h of cultivation. In this short period of time only active propagating cells are forming visual colonies. The bacterial growth curve in the treated sample was comparable with the same curve for rich and poor liquid media. It was determined that treated with ZnO cell in a poor medium are dividing faster than the control experiment in the same conditions. However, their rate values are near to the cell division rate in rich medium (Fig. 1 ). The difference between them was still considerable and could be supposed, that in exponential phase the fast growing cells have some kind of membrane permeability to propidium iodide. It is possible PI to enter into the live dividing cells and to stain them red. This is in congruence with the research of Shi L et al. on the limits of propidium iodide as a cell viability indicator for environmental bacteria (8) . Some of red cells are moving actively, when they are directly observed on the glass slide. After cultivation on solid rich media, these cells could give the slow growing colonies, which are visible after 48 h. These facts suggest that some parts of the red cells, which have been marked as dead, are viable and could restore their normal functions, giving colonies that emerge later. We supposed the possibility of some sub lethal membrane damages which could bring to red staining and confusion in the results interpretation. 
Conclusions
This study reports that in cases with fast dividing Pseudomanas putida cells, which are in exponential phase and in the case of cytotoxicity related with hypothetical sub lethal membrane damages due to visible light, some viable cells could be counted as dead. Our experiments prove unambiguously that the usage of LIVE/DEAD BacLight Bacterial Viability Kit L-7007 could give confusing results, difficult to interpret, but more satisfied stains for bacteria were not described till now.
